abstract
Despite overall improved outcomes with open reduction and internal fixation of acetabular fractures, posterior wall fractures show disproportionately poor results. The effect of weight bearing on outcomes of fracture management has been investigated in many lower extremity fractures, but evidence-based recommendations in posterior wall acetabular fractures are lacking. The authors systematically reviewed the current literature to determine if a difference in outcome exists between early and late postoperative weight-bearing protocols for surgically managed posterior wall acetabular fractures. PubMed and MEDLINE were searched for posterior wall acetabular fracture studies that included weight-bearing protocols and Merle d'Aubigné functional scores. Twelve studies were identified. Each study was classified as either early or late weight bearing. Early weight bearing was defined as full, unrestricted weight bearing at or before 12 weeks postoperatively. Late weight bearing was defined as restricted weight bearing for greater than 12 weeks postoperatively. The 2 categories were then compared by functional score using a 2-tailed t test and by complication rate using chi-square analysis. Six studies (152 fractures) were placed in the early weight-bearing category. Six studies (302 fractures) were placed in the late weight-bearing category. No significant difference in Merle d'Aubigné functional scores was found between the 2 groups. No difference was found regarding heterotopic ossification, avascular necrosis, superficial infections, total infections, or osteoarthritis. This systematic review found no difference in functional outcome scores or complication rates between early and late weight-bearing protocols for surgically treated posterior wall fractures. [Orthopedics. 2017: 40(4):e652-e657.] tional outcome 3 ; however, the effects of the rehabilitation protocol are unclear.
The relationship between mechanical loading forces and the healing of fractures is garnering increasing interest. Bone healing after a fracture progresses through 3 subsequent, yet overlapping, phases: inflammation, bone production, and bone remodeling. Central to this process is the intricate communication and function of osteocytes, osteoblasts, and osteoclasts by the receptor activator of nuclear factor kappa B ligand and osteoprotegerin. Mechanical loading can also induce bone production and bone remodeling through a similar mechanism. Loading forces increase hydrostatic pressure gradients within the lacunae, stimulating osteocyte production of osteoprotegerin. 7 Although early loading has the potential to aid in bone formation and fracture healing, the relationship appears to be beneficial only at intermediate levels of strain. High levels of strain have been shown to increase the likelihood of weaker, fibrous union. 8 This theory is further supported by animal models showing that moderate axial loading leads to greater bone formation and faster time to union compared with no loading or excessive early loading. 9 Varying postoperative rehabilitation protocols for posterior wall fractures, ranging from immediate partial weight bearing with progression to full weight bearing after 6 weeks as tolerated to limited weight bearing after 12 weeks with full weight bearing only after clinical and radiographic union, are reported in the literature. The most common protocol recommends touchdown weight bearing for 6 to 12 weeks postoperatively with gradual progression to full weight bearing. 10 Early weight bearing has been studied extensively in many lower extremity fractures and has shown varying degrees of postoperative benefit; however, explicit studies on weight bearing in acetabular fractures are lacking. 10 The purpose of this study was to review the current literature on weight bearing for surgically managed posterior wall acetabular fractures to determine if a statistically significant difference in outcome exists between early and late weight-bearing protocols.
Materials and Methods
The authors' methods followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses checklist and flow diagram ( Figure) . PubMed and MEDLINE were searched up to May 31, 2015 . Key words used were posterior wall acetabular fracture, acetabular, fracture, weight bearing, weight-bearing, Merle, and d'Aubigné. A total of 207 articles were identified.
Only studies exclusively about posterior wall acetabular fractures or separating this type from other acetabular fractures, stating postoperative weight-bearing protocol, and including Merle d'Aubigné score distribution and/or average score were included. Studies not in English, case reports, letters, editorials, and abstracts without corresponding fully referenced articles were excluded.
The reference list of each included article was analyzed for additional relevant publications.
Risk of bias for individual studies was assessed prior to data extraction and contributed to the overall strength of the body of evidence. Potential bias across studies was found not to impact the cumulative evidence presented in this study.
A total of 12 studies/articles were ultimately selected for inclusion. Information extracted from each article included The 12 studies were divided into 2 groups: early weight bearing and late weight bearing. Early weight bearing was defined as full, unrestricted weight bearing at or before 12 weeks postoperatively. Late weight bearing was defined as restricted weight bearing for greater than 12 weeks postoperatively. All fractures from the early group were combined and then compared against all fractures from the late group. Functional scores were compared using a 2-tailed t test. Complication rates were compared using chi-square analysis.
results
The authors' search yielded no studies that explicitly examined the effects of postoperative weight bearing on outcomes for surgically treated posterior wall fractures. The authors identified a total of 12 articles (Figure) on posterior wall acetabular fracture that stated the weightbearing protocol and the Merle d'Aubigné functional scores (Table 1) . 4, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] A review of the included articles revealed that the typical postoperative weight-bearing protocol for posterior wall acetabular fractures involves a progressive but limited weight-bearing schedule for the first 12 weeks, followed by full weight bearing thereafter. Table 1 is organized from most liberal weight-bearing schedule to most conservative. Although the authors found that these articles did not necessarily examine the same posterior wall fracture subtypes or repair techniques, all were included to increase power.
The Merle d'Aubigné functional score comparison for early vs late group is summarized in Table 2 . The authors were able to analyze the 2 groups using a 2-tailed t test, which yielded a nonsignificant P value of .76.
The authors also examined complication rates using chi-square analysis. The P values for heterotopic ossification, femoral head avascular necrosis, superficial infections, total infections, and osteoarthritis are summarized in Table 3 . No significant difference in any specific complication was noted between the 2 groups. There was no reported bias within any of the 12 studies included in the authors' analysis. However, the potential exists for selection bias overall (studies with more difficult cases or certain repair types may have received prolonged immobilization).
discussion
Fractures of the posterior wall are the most common acetabular fractures. 3, 6, 22, 23 Absolute surgical indications for these injuries include inability to achieve or maintain a closed reduction, deteriorating sciatic nerve function after attempted closed reduction, and the presence of an incarcerated fragment that prevents congruent reduction of the femoral head into the intact portion of the acetabulum. 22 Although these fractures can have a relatively simple appearance on plain radiographs and the surgical approach is familiar to most surgeons, studies have shown that the complexity of these injuries can vary widely. 3, 22, [24] [25] [26] These fractures can be comminuted and prove difficult to anatomically reduce and can be associated with depression of the articular surface, or marginal impaction, predisposing to poor results. 6, 25, 26 Poor results have been reported in 10% to 32% of posterior fractures, even with anatomic reduction. 4, 6, 14 Surgical indications and techniques for treating these injuries have been well described; however, postoperative weightbearing protocols have not been explicitly investigated. 3, 24 Even small posterior wall fractures can significantly alter joint mechanics. 27 Notwithstanding an anatomical reduction with lag screws and a reconstruction plate, fixation does not restore the load-to-failure to preinjury measurements, and there is a relatively small difference between construct strength and strength required for physiologic loads. 28, 29 This knowledge prompts the postoperative weight-bearing restrictions placed on these patients.
Early postoperative weight bearing is of increasing interest in orthopedic trauma. Early loading has the potential to aid in bone formation and fracture healing, provided that only moderate strain at the fracture site can be maintained. 8, 9 Additionally, Westerman et al 30 showed that weight-bearing restriction significantly increases energy expenditure. Multiple 31, 32 However, due to the lack of literature regarding postoperative weight-bearing protocols in the management of posterior wall fractures, it remains unclear whether early weight bearing provides significant benefit and affects complication rates.
This systematic review yielded a wide range of postoperative weight-bearing protocols, although none of the studies was explicitly designed to test the relationship between weight bearing and outcomes. By dividing the included studies into those with unrestricted weight bearing before or after the 12-week point, the authors attempted to stratify outcomes based on early and late postoperative weight bearing. They found no significant difference between the 2 groups regarding Merle d'Aubigné functional scores or complication rates.
The current study's design had several limitations. To increase the number of included studies, fracture subtype and fixation constructs remained heterogeneous. The experience level of surgeons performing the procedures was not stated in most of the studies. As with most retrospective studies evaluating weightbearing protocols, it is impossible to accurately identify patient compliance with recommendations or those patients who "autoprotect" their weight bearing. Additionally, not all studies included average Merle d'Aubigné functional score and standard deviation. Average Merle d'Aubigné scores were estimated by converting the categorical description into maximal and minimal possible numerical equivalents and taking the median of that range. Likewise, only 3 of the 12 studies provided a standard deviation for Merle d'Aubigné score (Im et al, 20 2.4; Zhang et al, 16 2.93; and Zhang et al, 18 3.31). To compensate for this, the authors combined the 3 studies to determine a "typical" standard deviation (3.11) for the Merle d'Aubigné functional score. This number was then assigned to each of the studies that lacked a standard deviation.
These data indicate that there may be no difference in functional outcomes or complication rates with early vs late weight bearing for surgically managed posterior wall acetabular fractures. Therefore, should all of these patients be allowed to bear weight earlier rather than later?
conclusion
Although the authors' analysis indicated that there may be no difference in functional outcome scores or complication rates between early and late weight-bearing protocols, they believe that high-quality, prospective, randomized controlled trials on this topic are needed.
references

